Five superior clones of Eucalyptus camaldulensis from in vitro propagation or tissue culture at the Sra Keaw plantation site in the eastern part of Thailand were selected for examining radial variations of anatomical characteristics and specific gravity. The age of the clones was 5 years at harvest. A 9-year-old tree grown from seed in the same site was also investigated. Results were as follows: 1) Mean specific gravity showed significantly different values among the 5 clones and the seedling. 2) Vessel density rapidly decreased in the first 2-4 cm from the pith in the clones and in 5 cm from the pith in the seedling. 3) Fiber lengths of the clones slowly increased from the pith outwards, while that of the seedling rapidly increased. 4) Each clone and the seedling had a different specific gravity and anatomical characteristics. 5) Clones had a narrower juvenile wood zone than the seedling due to the older cambial age of the clones.
INTRODUCTION
In Thailand deforestation has been a serious problem, especially in the last thirty years. Forest area has decreased from 53% of total land area in 1961 to 27% in 1991 (Royal Forest Department, Thailand 2000 . Parallel with the increase of population, there is concern over a shortage of resources. To cope with these problems, plantations of fastgrowing tree species were started from the 1980s (Nobuchi 2001) .
For a tropical seasonal forest area such as Thailand, with a long dry season, Eucalyptus camaldulensis Dehnh., which can adapt to many climate conditions (Kauman et al. 1995) , has been selected as a plantation species. The Forestry Research Center of Kasetsart University, Thailand (1996) reported that the total area of plantations planted up to the end of 1995 was 348,927 ha and it expects increases in the future.
Young plants for plantations can be grown from seeds or from cuttings. In addition, the Faculty of Forestry, Kasetsart University, started to produce young plants or plantlets through in vitro culture technology or tissue culture in 1989 and planted them in fields in 1992. When observed one year after planting, the clones showed different growth rates, i.e. the trees from the superior mother trees showed a better growth rate and more uniformity than the trees from seeds (Siripatanadilok & Thaiutsa 1992) . Nowadays plantlets from tissue culture have been planted in the fields and already harvested especially to make chips for pulping and wood composite board.
Additional information on the wood quality of these clones from tissue culture is needed. In the future E. camaldulensis is expected to be utilized also as lumber wood.
There are few studies on anatomical characteristics of E. camaldulensis. Baba et al. (1996) composed the chemical and anatomical features of normal and tension-wood E. camaldulensis. Wilkes (1988) investigated variations in wood anatomy within species of eucalyptus. So far as the authors are aware, there are no studies comparing anatomical characteristics among clones.
For this report, 5 clones that showed rapid growth in the field and had straight trunks were selected from among 17 clones. The radial variations of specific gravity, vessel diameter, area of vessels, vessel density, fiber diameter and fiber length were investigated. Clones and seedlings also were compared.
MATERIALS AND METHODS

Materials
Five superior clones of Eucalyptus camaldulensis among 17 clones in the plantation site at Sra Kaew province in eastern Thailand were used. The procedure of preparing eucalyptus clones was as follows: branches were taken from mother trees more than five years old. After culturing the cuttings (branches) in the soil, new young shoots that developed from the cuttings were used as the starting material for tissue culture. The plantlets derived from tissue culture were planted in the field in 1992.
After 5 years sample trees were felled in 1997. The names of the clones were T5, Kitti, S9, Y2 and K2, in this report numbered as clone 1, 2, 3, 4 and 5, respectively. A seedling, planted in the same site and in the same year as the clones, was felled in 2001 at the age of 9 years.
Five-cm-thick disks were cut from each sample tree at 50 cm above ground level.
Methods
Specific gravity
A radial strip was cut from each disk and divided into upper and lower strips. One was used for the measurement of specific gravity and the other was used for the investigation of anatomical characteristics. For measuring specific gravity, a radial strip from the bark to the opposite bark along the maximum diameter through the pith was divided into 1 × 1 × 1 cm blocks. Specific gravity was determined on the basis of ovendry weight and green volume (Sluder 1972) .
Anatomical characteristics
A radial strip was divided into 1 × 1 × 1.5 cm blocks from the pith to the bark. Blocks were softened with boiling water and transverse sections 20-30 μm in thickness were cut using a sliding microtome. Sections were stained with 1% safranin in 50% ethyl alcohol and mounted for permanent slides with Canada balsam. To obtain clear cell boundaries, monochromic photographs were taken through a light microscope at a magnification of 10 (4 × 2.5). The films were developed and scanned in a Nikon COOLSCAN II scanner with the program Adobe Photoshop [grayscale, output resolution 400 dpi, scale 600 (magnification of 6)] and printed.
To measure vessel diameter, vessel area and vessel density by means of an image analyzing system, a transparent sheet was superimposed on the picture of the transverse section. The outline of each vessel element was demarcated with black ink. The transparent sheet was scanned with an Epson ES-8000 image scanner, program Adobe Photoshop, with a resolution of 300 dpi, 256 grayscale. (Diao et al. 1997a, b) .
Fiber diameter and fiber length
To determine the fiber length, wood specimens (T × R × L) 2 × 2 × 10 mm were sampled at intervals of 1 cm from the pith to the bark. Fibers were macerated using a mixture of 30% hydrogen peroxide:glacial acetic acid at a ratio of 1:1 at 45°C (Bradbury 1973) . Macerated fibers were thoroughly mixed and were spread on a glass slide, and 100 unbroken fibers were selected for measurement.
RESULTS AND DISCUSSION
Specific gravity
Clone 5 showed the highest mean specific gravity of 0.73, followed by clones 4 and 1, the seedling, clone 2 and clone 3 with 0.70, 0.70, 0.66, 0.65 and 0.61, respectively (Table 1 ). The variation among the 5 clones and the seedling was statistically significant at the 0.01 level, namely clone 5 was different from the seedling, clone 2 and clone 3 but not different from clone 4 and clone 1 (Table 1) . Specific gravity across the radial gradient of every sample slightly increased with fluctuation from pith to bark (Fig. 3) . 
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This pattern was similar to type I of Panshin and DeZeeuw (1980) (showing an increase from pith to bark) and agrees with the report of Ohbayashi and Shiokura (1990) , that specific gravity of Eucalyptus saligna slightly increased from pith to bark. Figure 1 shows the radial variation of vessels from pith to bark in clone 3. Tangential diameter increased from pith to bark. Vessel density, on the other hand, decreased from pith to bark. Other clones also showed similar radial patterns. Figure 2 shows transverse sections near the bark of the 5 clones. Quantitative features of the vessels were different among the clones. A more detailed comparison of the 5 clones was carried out through quantitative analysis.
Vessels
Tangential vessel diameter -Clone 3 showed the largest mean tangential vessel diameter with 101 μm. There was no significant difference between the 5 clones and the seedling tree in the tangential vessel diameter (Table 1) . The radial variation in vessel diameter of clone 2, clone 3 and clone 5 strongly increased in the first 3-4 cm from the pith, and in the seedling strongly increased in the first 5 cm from the pith and then slightly increased with little fluctuation to the bark (Fig. 4) . Consequently the first 3-4 cm from the pith in three clones and the first 5 cm from the pith in the seedling were considered to be juvenile.
For clones 1 and 4, the tangential vessel diameters slightly increased with a little fluctuation or were nearly consistent from pith to bark (Fig. 4) .
Area of vessels -The vessel area of the seedling was the highest with 17.3%, followed by clone 3 and clone 2 with 16.2% and 14.6%, respectively. Data of clones 1, 4, and 5 were nearly corresponding showing approximately 13% (Table 1 ). The variation of vessel area among the 5 clones and the seedling was statistically significant at the 0.01 level, e.g. the seedling was different from clones 2, 5, 1 and 4 but not different from clone 3 (Table 1 ). Figure 5 shows the radial distribution of the vessel area to be rather consistent from pith to bark, which corresponds to the results of Hudson et al. (1998) for Eucalyptus globulus and E. nitens.
Vessel density -The mean number of vessels per mm 2 was the highest in the seedling. The variation among the 5 clones and the seedling was not significantly different (Table 1 ). Figure 6 shows the radial variation of vessel density, with the highest density near the pith. Figure 6 shows that in the first 2-4 cm from the pith in the clones and the first 5 cm from the pith in the seedling there is a rapid decrease of density and beyond this area it is nearly constant. The results indicate that these wood portions might be juvenile. Ohbayashi and Shiokura (1990) reported the same tendency of radial variation of vessel density in Eucalyptus saligna.
Fibers
Fiber diameter -Clone 3 showed the largest mean fiber diameter. The variation of fiber diameter among the 5 clones and the seedling was statistically significant at the 0.01 level; clone 3 was different from clones 2, 5 and the seedling, but not different from clones 1 and 4 (Table 1) . Fiber diameter in the 5 clones was nearly consistent from pith to bark. The seedling, however, differed from the clones as the fiber diameter gradually decreased from pith to bark (Fig. 7) .
Fiber length -The mean fiber length was the longest, 0.94 mm, in the seedling. The variation of fiber length among the five clones and the seedling was not significantly different (Table 1) . Fiber length of the 5 clones steadily increased from the pith outward with very little fluctuation. The seedling showed a rapid increase in the first 5 cm from the pith and beyond this area it showed a slight increase with fluctuation to the bark (Fig. 8) .
DISCUSSION
The data for vessel and fiber dimensions of the 5 clones and the seedling correspond to those of Wilkes (1988) , in which vessel diameter, fiber diameter and fiber length ranged between 80-180 μm, 10-20 μm and 0.8-1.3 mm, respectively.
The radial variations among the clones and the seedling in specific gravity, area of vessel and fiber diameter were significantly different, while tangential vessel diameter, vessel density and fiber length were not different. The anatomical characteristics show variations within the 5 clones and between the clones and the seedling. It appears that the clones have a narrower juvenile wood zone than the seedling and may form mature wood sooner than the seedling.
